SUMMARY Male mice, strain C57 black, were infected with Toxocara canis by a single intragastric dose of 1500 infective eggs. The eyes were studied at sequential time periods after infection (6 to 63 days) by conventional microscopic techniques, and the histological characteristics of the inflammatory response were recorded. In the majority of animals the disease was unilateral. Twenty-six larvae were found in the retina, in the retinal vessels, and in the subretinal space in 20 eyes, while in 29 eyes there were inflammatory changes which were not related to the presence of intact or fragmented larval forms. The inflammatory reaction began as a polymorphonuclear response but after day 13 became a granulomatous reaction. This suggests that the inflammatory phenomenon may be propagated by the secreted surface antigens in the absence of the living or dead larvae.
accidental ingestion of dog faecal material containing Toxocara canis ova. The clinical manifestations of ocular toxocariasis are solitary and usually occur in older children (average 7-5 years) without the generalised eosinophilia, hyperglobulinaemia, and hepatomegaly characteristic of visceral larva migrans (VLM).3 Lesions occur unilaterally as a solitary retinal granuloma in the posterior pole in proximity to the disc and macula and/or as chronic endophthalmitis with retinal detachment.4 Wilder-found nematode larvae in 24 cases of pseudogliomata, and Nichols6 identified these larvae as Toxocara canis. In such studies eyes were usually enucleated because of the difficulty of excluding retinoblastoma.
Although ocular toxocariasis is an uncommon form of uveitis and retinitis in the routine uveitis clinic,7 treatment of the majority of cases in which there is an exudative retinal detachment is unrewarding. Subtotal pars plana vitrectomy8 has been added recently to the current therapeutic measures, which included topical and systemic corticosteroids, anthelminthic therapy, and laser photocoagulation. The pathogenic mechanisms which lead to retinal damage are poorly understood, notably the immunopathological interreactions between the host and the parasite, so that there is a dearth of information on which to base therapy. It is therefore of value to develop cheap and reliable animal models with a low degree of mortality and a high degree of morbidity in order to apply the rapidly developing techniques of immunohistochemistry to the study of nematode-induced inflammatory disease. To this end we present our findings in a preliminary study of ocular toxocariasis in the mouse. To our knowledge there has not been a detailed histological study over an extended period of the effects of toxocariasis on the pigmented eye of a laboratory animal.
Materials and methods
Animals. Three uninfected 10-week-old mice (C57 black strain) were used as controls to determine the normal ocular histology in this strain. Twenty-seven male C57 black mice, 10 weeks old, were infected with a single dose of 1500 infective eggs by intragastric intubation on day 0, and 3 animals were chosen randomly and killed by cervical dislocation under anaesthesia on days 6, 13, 20, 32, 34, 41, 50, 56, and 63 after infection.
Isolation ofinfective eggs. Toxocara canis eggs were recovered from the uteri of adult female worms obtained from the gastrointestinal tracts of dogs at autopsy. The worms were washed and stored in 4% formalin at room temperature (21°C) for 4 weeks. Following embryonation, which occurred while the adult worm was immersed in formalin, and develop-S. Y. A. Ghafoor Histological examination. Specimens for light microscopy were embedded in paraffin, and serial sections 5 ,um in thickness were taken in the sagittal plane of the eye and stained with haematoxylin and eosin. Selected sections were stained with carbol chromotrope to demonstrate eosinophils. To assess the viability of L2 Toxocara canis larvae one sample from a bisected eye from each group of 3 mice was retained for transmission electron microscopy (TEM). These samples were rinsed in cacodylate buffer (0-2 M), postfixed in osmium tetroxide (2%), dehydrated in graded alcohols, and embedded in Araldite. Semithin sections were taken and stained with toluidine blue. For the study of the preservation of the larval forms ultrathin sections were stained with uranyl acetate and lead citrate and examined in a Phillips 301 electron microscope.
Results
Macroscopic and microscopic examination of the control material revealed the normal architecture of the pigmented mouse eye (Fig. lb) . Macroscopic examination of the 54 eyes from 27 animals, which had been infected with Toxocara canis larvae revealed grey fluffy masses in the peripheral retina in 5 eyes only. Twenty-six larvae were found in serial sections from the experimental eyes (Table 1) and were recognised at each time interval throughout the experimental period (Fig. 2) . The location of the larvae was mainly at the posterior (Fig. 3 ), and it was rarely possible to identify structures which could have been interpreted as dead or necrotic larval forms.
Ultrastructural examination of the larvae showed the organism to have normal cell walls and organelles (Fig. 4) .
Nongranulomatous inflammatory infiltrates, consisting of lymphocytes and plasma cells were found in the anterior uvea and the pars plana (Fig. 3d, e) . This type of cellular infiltrate succeeded a polymorphonuclear leucocyte infiltrate which occurred in the first 13 days. The vitreous was commonly involved in the inflammatory process, but the infiltrates were mainly lymphocytic and haemoffhagic, and the macrophages within the vitreous body contained melanin and red cell degradation products (Fig. 3d, e, f) . One circumscribed abscess was found in the vitreous adjacent to an intact larva (Fig. 3c) .
A granulomatous response was rare and, apart Retinal granuloma from a solitary lesion in the orbit, occurred in the retina in 10 eyes which had been removed after the 6th day (Fig. 3b, 5 ). The granulomas consisted of clusters of epithelioid macrophages with small inconspicuous multinucleate giant cells (Fig. 6a) (Fig. 6b ) was relatively uncommon (Fig. 6a) , and an orbital granuloma was found in only one specimen (Fig. 6c) . Additional features of interest included preretinal cellular infiltration (Fig. 6d) and the presence of isolated aggregates of macrophages within the photoreceptor layer (Fig. 6e, f 
Experimental ocular toxocariasis: a mouse model studied over a more extended period, simulated the basic pathological changes described in human histological studies, namely, (a) diffuse nematode endophthalmitis, (b) posterior pole granulomata, and (c) peripheral retinitis. ' I 11 At the cellular level the early responses at day 6 were predominantly those of a neutrophil polymorphonuclear leucocytic infiltration with vasculitis and retinal microinfarction. From day 13 onwards there was an increase in the macrophage component, and the distribution of these infiltrates suggested that the sites of entry were mainly the pars plana, the optic disc, and the retinal (but never the choroidal) blood vessels. Although macrophages were found within the outer segments in the subretinal space, and in general there was diffuse retinal infiltration, the choroidal stroma was notably free from infiltration.
Marked iridocyclitis and pars planitis were found. Hypopyon or iris nodules were not observed on external examination as has been reported in human cases. 12 Granuloma formation was noted between days 13 and 50 and occurred mainly at the posterior pole. Although on 2 occasions larvae and granulomas were seen at separate locations within the same eye, on only 2 occasions was a larva or the remnants of a larva seen within a granuloma in the many serial sections which were examined. The granulomatous reaction consisted of macrophages, multinucleate giant cells, lymphocytes, and plasma cells, but eosinophils were inconspicuous even with the application of a special stain. The possibility of degranulation of eosinophils cannot, however, be excluded as an explanation for their apparent absence from the tissue. It is relevant to add that, in the myotropic phases of murine toxocariasis, eosinophils are present in the early poorly defined granulomas but are rapidly replaced by epithelioid macrophages in the mature granuloma in the third week of infection. '3 By contrast in the neural tissue in the present model'4 and unpublished data (Smith) there is little or no response around migrating second-stage larvae or their migratory pathways. Thus the inflammatory changes seen in the ocular disease may represent an intermediary response in the myotropic and neurotropic phases due to the unique character of the formative tissues of the eye.
The route of entry of larvae into the eye is vascular, and in this study larvae were demonstrated in retinal capillaries. None was found in the choroidal vessels. This is pertinent to the clinical observation'" which has shown that larvae can enter the eye via the retinal blood vessels before entry into the vitreous. Perilimbal infiltrates (composed of polymorphonuclear leucocyte cells) were noted, but larvae were not found in the cornea or-anterior segment, though their presence has been reported clinically. 3 A consistent finding in this study was that larvae or larval remnants were not seen within the centre of a granuloma. The presence of a larva or larval remnants within a necrotising granuloma containing eosinophils is, however, a diagnostic pathological feature of human toxocariasis.' The apparent absence of larval forms from the ocular granulomas observed in this model implies that the larvae do not have to be present to propagate the mature granuloma which may have been stimulated initially by them. This suggestion is supported by the observation that larvae are not seen in early granulomas in murine visceral larva migrans, and Kayes and Oakes'3 have suggested that Toxocara second-stage larvae can migrate out of an early granuloma.
Toxocara sp. second-stage larvae are rapid tissue migrators which have individual tracts in the tissues through which they migrate. Recent work has shown that the larvae have a capacity for rapid metabolic turnover of their outer antigenic glycosylated surface proteins. 16 This turnover is complete within 3 hours, and antibodies raised against the excretions/secretions are unable to bind to the outer larval surface at body temperature. This rapid surface turnover may account for the inability of antibody-producing or cytotoxic immune cells, individually or in combination, to attach to the surfaces. By this evasive mechanism the parasite may avoid larval entrapment within a granuloma. Thus, although the larvae or their products may incite granuloma formation, their continued presence may not be necessary for the propagation of the immune response. The hypothesis that by rapid migration' and surface protein turnover larvae escape entrapment would account for the fact that inflammatory cells were inconspicuous in the surrounding tissues when larvae were observed in the retina or retinal vessels. Another possible explanation for the latter observations is that larvae can absorb host surface antigens on to their surfaces or produce parasite-specific antigens which cross-react with blood group antigens,'8 thus providing them with an antigenic disguise. '9 
